For fishes, the relationship between morphometric traits can provide significant insight into species life history, however gathering such data for non-commercial species can prove challenging. Here we use data collected opportunistically from fisheries bycatch and stranding events to assess growth scaling over orders of magnitude in the ocean sunfish (Genus Mola). Intriguingly, the confidence intervals for the relationship between length and mass suggests that isometric scaling is likely, a growth pattern rarely observed in fishes owing to the scaling of supportive structures. These data also enabled assessment of geometric morphometrics, which indicated that Mola shape varies subtly but significantly ontogenetically, with increased fin area comparative to body area as fish increase in size. More practically, total length emerged as an effective predictor for a range of morphological traits, including mass, fin lengths and surface area, which can provide vital baseline data for fisheries modelling and management.
Introduction
As organisms develop, the relationship between size and shape can have significant effects on species ecology (Fu et al., 2016) ; including changes in habitat or diet (e.g. Werner & Gillian, 1984; Eggold & Motta, 1992; Carrier, 2010) . Beyond functional ecology, such scaling concepts are increasingly being transferred from describing simple anatomical relationships in the biosciences to a wide range of disciplines as an axiom for growth, or expansion in general. For example, the scaling of road networks has been likened to blood vessels, whilst commercial rubbish collection is analogous to the disposal of biological waste products (Samaniego & Moses, 2008; West, 2017) . In light of such increased interest in the allometry of growth, it appears timely to consider a group which undergoes perhaps the greatest growth scaling of any animal; that of the ocean sunfishes (Genus Mola, Linnaeus 1857), with data collected for this study suggesting an increase in mass approximately 10 8 fold over the lifetime of an individual. The sheer size range of this genus provides a rare opportunity to explore growth scaling over many orders of magnitude, illuminating how biological functioning adapts and hydrodynamics may shift as size increases (Spence, 2009 ).
In fish, the relationship between length and mass is of particular value (Cadrin & Friedland, 1999) , and can help to estimate species trophic level when ontogenetic shifts in diet are known (Jennings, Barnes, Sweeting, & Polunin, 2008) . Significant ontogenetic shifts have been reported in ocean sunfishes (e.g. Syväranta et al., 2012; Harrod et al., 2013; Nakamura and Sato, 2014; Sousa et al., 2016a) , however additional morphometric and size-frequency data are needed in order to include this species in ecosystem or fisheries models. Indeed, as it is now established that sunfishes in seasonal hotspots can occur in high abundance (Phillips et al., 2017; Sims et al., 2009; , with individuals <1 m TL feeding broadly at the seabed and in the water column (Nakamura & Sato, 2014; Syväranta et al., 2012) , their current omission from such models is somewhat problematic. By extension, the mass removal of sunfishes globally as by-catch each year (e.g. Silvani et al., 1999; Cartamil and Lowe, 2004; Petersen and McDonell, 2007) has the potential to drive localised trophic cascades when such significant top-down control is reduced.
For non-commercial species the acquisition of such morphological or demographic data can be financially and logistically demanding, although opportunities arise when individuals are regularly caught and reported as bycatch (e.g. Lee & Brown, 1998; Beddington et al., 2007; Carlson, 2017) . However, with the mass bycatch of Mola often resulting in hundreds or even thousands of individuals accidentally captured at once (see review; Pope et al., 2010) , it would be unfeasible for a fisheries observer to measure every morphological trait and collect mass data during a typical fishing operation. Thus emerges the need for a simple metric that can be collected rapidly at sea, and converted retrospectively into a range of morphological traits. To this aim we provide conversion equations derived from >568 sunfish ranging in length from 0.025 < 3.3 m.
Specifically, we tested the efficacy of total length (a routine measurement in fisheries research) as a predictor of key morphological traits including body mass, fin lengths and surface area. These data enabled detailed assessment of growth scaling across orders of magnitude, alongside ontogenetic variation in the sunfish bauplan with implications discussed for species ecology.
Materials and Methods

Data Collection and Treatment
In this study we aimed to characterise the allometry of the genus Mola, currently believed to contain three species; M. mola, M. alexandrini and M. tecta. Alongside these cryptic species, evidence suggests that the genus Mola may contain further distinct species or subspecies but additional genetics research will be required to investigate how distinct these groupings are (Bass et al., 2005; Nyegaard et al., 2017; Pope et al., 2009; Sawai et al., 2017a; Sawai et al., 2017b; Yoshita et al., 2009 ). Since all species in the genus Mola have very similar gross morphology, misidentification of newly described species (particularly concerning historic specimens) can occur and genetic techniques are often required to confirm species identification. As our data were gathered from the literature or field observations prior to new species descriptions being published, we have conducted our analysis at genus level to avoid misidentification errors. Since our results do not cluster into distinct groups and are largely devoid of outliers, we are confident that the genus can be grouped together for gross morphological analysis without skewing our findings.
Measurements and photographs of Mola bycatch were collected (Figures 1 & 2) and additional data collated from published papers (e.g. Dewar et al., 2010; Nakamura et al., 2015; Thys et al., 2015) , sightings databases (e.g. McClain et al., 2015a) , internet sources and personal communications (for full list of measurements and original data sources please see Appendix S1. in Supplementary Materials). To extract further straight-line measurements of fish from photographs and avoid distortion from affecting analysis, strict criteria were applied to the collection of photographic data. All photographs were taken directly above fishes laid on a flat surface at approximately 1m in height, with a standard tape measure in frame. Once the photographs were collected, ImageJ software was used (Schneider, Rasband, & Eliceiri, 2012) to derive the following information; body: total length , width, area and shape; fins (dorsal, anal and pectoral): length and width; fins (dorsal and anal only): area and shape; eye diameter, mouth size, clavus width and mass (n = 568 individuals, total length range: 0.025 < 3.3 m).
Growth Scaling
To test our hypothesis that Mola growth should be classed as allometric, the relationship between multiple morphometric traits needed to be defined. Each variable was plotted against total length (see Fig. 3 ) using programing software R (R Development Core Team, 2008), using package 'FSA' , following the methods of Ogle (2013) . In order to apply linear models to this dataset, all morphometric data were loge transformed (Ogle, 2013) , stabilising the variance around the model and making errors additive, rather than multiplicative. However, variability on the loge scale appeared far greater for larvae samples, which suggested that these measurements lacked precision in comparison to the larger fish (Ogle, 2013 ). Since we were not able to verify the accuracy of these archived data, fish with a loge mass of less than 0.9 (n = 6) were removed from the analysis to ensure scale precision and the linear models rerun.
If fish scale isometrically, then body shape remains constant as the animal grows, with volume proportional to length (or any linear measurement). If mass if taken as a proxy for volume, and total length provides a linear measurement, then the estimated slope of the model relationship (b) between length and mass must equal three for isometric growth. However, isometric growth is not commonly observed in fish (Bolger & Connolly, 1989; Ogle, 2013) , so following these methods, the slope of each linear model was estimated with 95% confidence intervals to classify growth scaling.
Fish Bauplan
Given that Mola fin aspect ratio varies with growth (Watanabe & Sato, 2008) , we extended these analyses to consider whether dorsal and anal fins provide the same proportional area ontogenetically. To assess the scaling of fins, several analyses were run. Firstly, total fin surface area (sum of dorsal and anal fin area) was calculated as a proportion of body surface area, and then regressed against total length. Secondly, we tested for a relationship between fin aspect ratio and total length, again using linear regression.
To assess if the ocean sunfish bauplan changes ontogenetically, geometric morphometrics were assessed using landmark analysis (see Figure 4 ).
For these analyses, only photographs where the entire fish was in view and with a known total length could be used (n = 71). Landmarks were set around the perimeter of each specimen at specific points (Klingenberg, 2011) and the fish categorised into three size classes: small (< 25 th percentile), medium (25 th < 75 th percentile) and large (>75 th percentile). To control for variation in size, we ran a regression to assess the relationship between centroid size and Procrustes distance of sunfish shapes. This suggested there was no significant affect (TSS 0.997, p value > 0.05) and so any observed difference in landmarks between specimens then would be due to significant variation in shape of the fish (Polly, 2013) . A covariance matrix was used to compare the shapes of fish from differing size classes and the landmark data assessed using Principle Component Analysis (PCA), illustrated by warped wireframe models, and tested using an ANOVA (Klingenberg, 2011) .
Results
Linear Models
In this study, data were collected from 568 sunfishes ranging in body length from 0.3cm < 330cm and in body mass from 0.01g < 3,500,000g
(3.5 tonnes). The morphometric measurements taken were all noted to be strongly correlated with individual length, however some variation can be seen, such as between the mass and length of the largest individuals recorded ( Figure 3 ). All measured Mola traits can be tentatively classed as scaling allometrically (for full results of linear models see Table 1 , with plots shown in Figure 3 and Supplementary Materials), with the estimated slope of the linear model always resulting in a value less than three, aside from the relationship between body mass and total length which suggested isometric scaling was highly likely. The slope of the line between these variables was estimated as 3.09 (+/-0.08 at 95% CI) with a strong correlation coefficient (0.98). To consider if the fin propulsive area changes ontogenetically, the surface area of Mola dorsal and anal fins was considered as a proportion of body surface area and modelled against total length of fish. The results (R 2 = 0.26, F statistic = 19.96 with 56 DF, P < 0.05) suggested that Mola fins are subject to a slight but significant increase in proportion to body area ontogenetically, however increased numbers of larger fish measurements will be required to confirm this relationship, particularly in light of the wide variation between smaller individuals. The aspect ratio for both dorsal and anal fins was calculated at approximately 2:1. The regression analysis suggested a slight negative relationship between aspect ratio and fish total length for the anal fin (R 2 = 0.013, F statistic = 13.7 with 94 DF, P < 0.05) but this was not significant for the dorsal fin (R 2 = 0.009, F statistic = 0.93 with 98 DF, P > 0.05).
Geometric Morphometrics
The results of the landmark analysis suggested that even when controlling for size, there was some considerable variation in Mola body shape (Figs. 4, 5 & 6.) The PCA results of the landmark analysis (Table 2) suggested that PC1 explained 25.3% of the variance in sunfish shape and PC2 a further 21.0% of the variance. 71.7% of the variation was explained by four components and the total variance by 16 components. The results suggested that landmark 1 (tip of snout), landmark 2 (tip of clavus) and landmark 4 (tip of dorsal fin) were the most variable in shape.
The PCA morphospace plot ( Fig. 5) illustrates the first and second principle components of Mola shape which suggests there may be some significant variation in body shape ontogenetically. From these data, it appeared that the smaller size classes clustered positively in PC1 becoming slightly negative as total length increased, however it appears that heterogeneity increases with total length. To isolate specific shape changes, warped grid models were created to illustrate Mola shape alterations along the PC1 axis (Fig. 6) . These figures suggested that for fish in the smaller size class, the shape becomes tighter with landmarks positioned closer together and the fintips appeared slightly more elongated and angled towards the snout of the fish. As the PC1 scale decreased towards the larger size fish, the body shape had landmarks more widely spaced, with the snout tip protruding further and fin tips appearing slightly shorter and angled further back towards the clavus. To test whether Mola shape was related to size, an ANOVA was run on the PCA shape data, which suggested a significant change in Mola shape across size classes (F1088, 32 = 5.24, P < 0.05).
Discussion
Length/Mass Relationships and Prediction of Morphological Traits
Modelling the relationships between fish morphometric traits has been scrutinised in recent years as a routine analysis that provides limited information (Hilborn & Walters, 2001) . However, such relationships are only known for a relatively small number of species (Kulbicki, Guillemot, & Amanda, 2005) and can provide significant insight into ontogenetic differences in species ecology (Werner & Gillian, 1984; Eggold & Motta, 1992; Weston, 2003; Carrier, 2010; Fu et al., 2016) . The shift from more traditional morphometric analyses to incorporate new geometric morphometrics has provided biologists with more powerful tools for shape analysis (Bookstein, 1996 (Bookstein, , 1997 Zelditch et al., 2004) , which enables characterisation of growth and visualisation of allometry (Alberch et al., 1979; Klingenberg, 1996; Loy et al., 1995) . One of the earliest attempts to quantitatively describe the mechanism of shape changes in the natural world focused on the transformation of the puffer fish (Diodon) bauplan (which shares a common ancestor with the sunfishes) to that of Mola (Thompson, 1917) . Here we return to examine the morphology of ocean sunfishes in further detail using a combination of methods to measure Mola growth across multiple morphometric traits and assess ontogenetic shape changes.
From the results of this study, we suggest that total length provides an effective predictor of key morphological traits in Mola. It is worth noting that a degree of individual variation is apparent in the data, such as in the mass/length relationship among larger specimens, but this may occur as a function of body condition or reproductive efforts. Since the ability to accurately predict multiple measurements can provide baseline data for fisheries modelling, including size-based models (see review: Giacomini et al., 2016) , mass-length analysis (e.g. Murphy et al., 1991; Blackwell et al., 2000; Froese, 2006) , mass balance models (e.g. Vasconcellos et al., 1997; Jarre-Teichmann, 1998 ) and estimation of fish trophic level (e.g. Dickie et al., 1987; Jennings et al., 2008) , the results of the linear models described here may be of considerable use to fisheries scientists, enabling estimation of 16 traits from a single measurement. Without routine collection of sunfish data, we cannot progress to consider the size frequency of populations; however these data present a baseline for such efforts.
Since the morphological measurements presented here were collected from multiple locations across the globe, we suggest there is a commonality in growth patterns between species within the genus Mola and between populations, which is intriguing given that ocean sunfishes are pan-globally distributed, ranging from oligotrophic to highly productive systems. As wide-ranging marine vertebrates are likely to encounter human activities, such as industrial fisheries, which may place them at risk, it is necessary to gain a thorough understanding of species ecology as management of anthropogenic activities at sea is a complex process, often involving multiple nations and regions where limited legal conventions are available (Witt et al., 2014) . By providing the relationships between total length and a variety of traits in this study, we aim to boost data recording capabilities by enabling extensive morphometric databases to be rapidly collected for an understudied taxa in urgent need of informed management (see Fig. 1 ).
Growth Scaling
In this study, almost all measured traits of Mola can be classified as scaling allometrically with total length. However, the relationship between mass and length appears likely to scale isometrically with a b estimate of 3.09 (+/-0.08 CI). Recent debate on use of statistics in scientific research suggests an over-reliance on p values to provide definitive significance between variables has led to a decline in reliability and reproducibility of results (e.g. Halsey et al., 2015) . As alternative methods of statistical interpretation are proposed, here we use one of the more intuitive and tractable methods suggested by reporting the 95% confidence interval aided by graphical presentation (Halsey et al., 2015) . The estimated slope of the mass/total length linear model classes the relationship as on the borderline between isometric and allometric growth (b = 3.09). However, following similar reporting mechanisms in the recent literature (Gagnat et al., 2016; Rosli & Isa, 2012) , if we consider that the true slope of the line is somewhere between 3.01 and 3.12, with a strong correlation coefficient (0.98), we suggest that a b exponent of ~3 is highly likely, although there is some variation between individuals.
More broadly, the potential for isometric scaling is of particular interest as such growth patterns are relatively rare in fish species under natural conditions (Bolger & Connolly, 1989; Mazumder et al., 2016; Ogle, 2013) ; given that fish body shape and density typically changes with growth and body condition (Lagler, 1966; Le Cren, 1951; Mazumder et al., 2016; Wootton, 1990) . Although fish growth is frequently estimated as scaling isometrically to facilitate calculations when retrospectively deriving mass from length (Froese, 2006) , greater precision is required when classifying the growth scaling of species ontogenetically. More specifically, the exact value of the scaling exponent is rarely 3.00 with significant variance between taxa (McClain et al., 2015b) . True isometric scaling of mass and length primarily occurs in taxa with hydrostatic skeletons which provide skeletal support but lack rigid elements (Quillin, 1998) , as isometrically scaled support structures typically become untenable in larger organisms due to skeletal mechanical limits (Spence, 2009) . Animals with rigid skeletons are likely to scale allometrically to support increased mass loading with growth, and thereby avoiding compression failure or buckling as mass increases (Kurth & Kier, 2014) . The ocean sunfishes' skeleton may enable isometric scaling, as unlike typical calcified bone, ocean sunfish skeletal tissue is relatively soft and flexible (pers. coms. Watanabe, 2015; pers. obs.) , and so it is possible that this provides a combination of support and compressibility to avoid collapsing as fish increase in mass.
The shape of Mola is also relevant when categorising scaling, as the results from our study suggest that sunfish do not grow significantly "plumper" as length increases (Blackwell et al., 2000; Froese, 2006) , which corresponds with our current understanding of Mola physiology, and how it changes ontogenetically (Fraser-Brunner, 1951) . From our observations of Mola at differing stages of ontogeny, the shape of individuals appears relatively uniform in comparison to a typical thunniform fish (which become considerably broader ontogenetically) and so it may be possible for some individuals to retain body shape and specific gravity as they grow (Lagler, 1966; Wootton, 1990) .
A study of the largest oceanic taxa by McClain et al. (2015b) suggested an allometric relationship occurred between total length and body mass of M. mola (b = 3.19, n = 132). However, when we incorporated these data sources into the analysis presented here (n = 568), the combined results suggested that overall, an isometric relationship was possible. Both studies were subject to similar limitations, with Mola size and mass data skewed towards smaller individuals, but by incorporating additional data, we aimed to build on this initial analysis; (McClain et al., 2015b size and mass ranges respectively: 0.38 m < 2.9 m; 2.65 kg < 2300 kg, of which 6 individuals > 500 kg; this study data: size and mass ranges respectively 0.025 m < 3.3 m; 0.00001 kg < 3500 kg; of which 15 individuals > 500 kg). In order to explore the potential for and ecological implications of isometric growth, further research into the three dimensional shape of sunfishes is required and an increased understanding of skeletal composition may provide new insight into sunfish loading capabilities.
Morphometric Analysis
Watanabe & Sato (2008) suggested that sunfish fin shape varies ontogenetically (n = 49) from narrow, tall fins in smaller fish (~2 kg), to comparatively shorter, wider fins in larger fish (~950 kg). However within this study, although the total fin area increased significantly with body size (n = 56, mass = 2 < 2500 kg), the aspect ratio differed between the fins, with a slight negative relationship noted in the anal fin (n = 99), but not for the dorsal fin (n =102). Although our findings differ to some extent with those of Watanabe & Sato (2008) , we acknowledge the inherent skew in our data towards smaller individuals. Further investigation is therefore recommended with increased samples of larger specimens, to establish precisely how fin shape varies with size and the ecological implications of this change in shape. Minor discrepancies aside, if the fin aspect ratio declines with growth, swimming efficiency is likely to decrease as animals grow (Liebe, 2007) as a lower aspect ratio produces less lift and increased drag, resulting in reduced locomotive efficiency (Vogel, 1994) . However, it appears that total fin area significantly increases comparative to body size as fish grow, providing a greater propulsive area which may partially compensate for the effects of a declining aspect ratio.
Beyond shifts in size and shape, the positioning of the dorsal and anal fins may also vary as individuals grow. Specifically, it appears that the adult sunfish bauplan alters subtlety but significantly with size, although further research is required to ultimately determine if these changes affect fish locomotion. Of particular note is the changing position of the fin tips in relation to body size; with fin tips positioned towards the snout in smaller fish, and angled slightly towards the clavus in larger specimens. This appears to mimic aircraft wing positioning, where swept forward wings increase manoeuvrability, straight wings provide most lift and swept back wings reduce drag (Loftin, 1985) . If we can apply these concepts to fish fin tip position, it might suggest that smaller fish may benefit from increased lift and manoeuvrability, whereas reducing drag is of greater benefit to larger fish. When considering hydrodynamic effects allometrically, it is difficult to suggest which fish shapes are likely to produce the lowest overall drag (Vogel, 1994) , and this will require further investigation to consider the scaling costs of transport for sunfishes and how this may be linked to ontogenetic shifts in habitat and diet.
Conclusions
Taken together, the results of this study suggests that Mola growth scaling can be tentatively classed as allometric, although we propose that mass may scale isometrically with length. Alongside these relationships, the data suggest that total length provides an effective tool to predict a range of morphological traits where the Mola bauplan appears to vary subtly with growth, which may have implications for energetic requirements and dietary shifts of Mola ontogenetically. 3.
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Figure 5. Morphospace plot showing principal component analysis of Mola shape. This illustrates the first and second principle components with size of marker indicating total length of fish (with marker size shown for fish of 1, 2 and 3 meters TL). This plot suggests there may be significant variation in body shape ontogenetically with small sizes clustering positively in PC1, becoming more negative as length increases.
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1 Figure 6 . Deformation wireframe models to illustrate shape changes of Mola along principle 2 component (PC1) axis (scale 0.2). From these plots it appears that smaller fish (dashed, 3 dark blue outline, 'small' size class) have shorter distances between landmarks with fin tips 4 slightly more elongated and angled towards the snout. The snout tip is closer to the body 5 with a deep ventral keel. Fish in the larger size classes (continuous, light blue outline, 'large' 6 size class) have landmarks more widely spaced, with the snout tip protruding further from 7 the body and fin tips appearing slightly shorter and positioned further back. 8 9 10
